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Distinctions between quark to Λ and Λ¯ longitudinal spin transfers in the semi-inclusive deep
inelastic scattering process were observed by the E665 and COMPASS Collaborations. There are
suggestions that the difference between Λ and Λ¯ production is related to the asymmetric strange-
antistrange distribution inside the nucleon. However, previous calculations are still too small to
explain the experimental data. From a realistic consideration of quark to Λ fragmentation due to
different flavors, we investigate the strange quark contribution for Λ production and polarization.
We find that the strange quark-antiquark asymmetry of the nucleon sea can be amplified into an
observable quantity from the difference between Λ and Λ¯ polarizations after taking into account the
larger probability of the Λ produced from the s quark fragmentation process compared to that from
the u or d quark. The qualitative agreement between our calculation and the experimental data
supports the existence of the intrinsic strange sea and the strange-antistrange asymmetry. Thus the
polarization of Λ/Λ¯ does open a new window to probe the nucleon sea properties, especially the
strange content and its quark-antiquark asymmetry.
PACS numbers: 12.39.Ki, 13.60.Rj, 13.88.+e, 14.20.Jn
The sea content of nucleons is a key focus in hadronic
physics as there exist a number of anomalies in exper-
iments, such as the proton spin problem [1] and the
NuTeV anomaly [2, 3]. Due to the nonperturbative na-
ture of quantum chromodynamics(QCD) at low energy
scale, it is complicated to theoretically calculate the sea
properties and structures. Also, the limited data sensi-
tive to the sea content of the nucleon from experiments
makes the detailed sea structure remain obscure. Even
the existence of the intrinsic sea quark and the strange
quark-antiquark asymmetry are still under controversy.
It is thus important to find experimental quantities that
are sensitive to revealing the striking features of the nu-
cleon sea content.
From theoretical aspects, the existence of the intrinsic
charm quark and the non-negligible uudcc¯ Fock compo-
nent in the proton was proposed in 1980 to explain the
unexpectedly large cross section of charmed hadrons at
high xF [4]. This intrinsic quark model has been ex-
tended to the light-quark sector with significant progress
recently [5]. Under the frame of the intrinsic quark sea,
several theoretical models were proposed to investigate
the nonperturbative contributions to the nucleon asym-
metric strange-antistrange sea distribution, such as the
baryon-meson fluctuation model, the meson cloud model,
and the chiral quark model [6–11]. This asymmetric dis-
tribution was thought to play an important role in the ex-
traction of the Weinberg angle [12] from neutrino-nucleon
deep inelastic scattering , and it has the potential to re-
move the NuTeV anomaly [13–20].
From experimental aspects, the current constraints on
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the strangeness mainly come from the neutrino dimuon
production data. This is because a neutrino can resolve
the flavor of the nucleon constituents and such an ability
can be used to isolate the nucleon strange-antistrange
quark distributions. CCFR and NuTeV dimuon mea-
surements [21–26] are such experiments. However, these
experiments are not enough to provide a meaningful fit
for the strangeness distributions since there are large un-
certainties [27]. The semi-inclusive deep inelastic scat-
tering (SIDIS) process also has the power to probe the
strangeness in the nucleon. The HERMES Collaboration
has recently reported the determination of x(s(x)+ s¯(x))
over the range of 0.02 < x < 0.5 at Q2 = 2.5 GeV2
from the measurement of charged kaon production on a
deuteron target [28]. Apart from the kaon production,
the Λ/Λ¯ hyperon produced in high energy interactions
can also supply information concerning the strange con-
tent of the nucleon [29–33]. This is due to the fact that Λ
is the lightest baryon containing a strange quark; it has
a relatively large production cross section, and its polar-
ization can be also determined by measuring the angular
distributions of the decay products.
The measurement of the polarization of Λ/Λ¯ hyperons
not only allows a unique test of the quark distributions
of the target nucleon but also the quark to Λ/Λ¯ frag-
mentation functions [34–47]. More explicitly, the studies
of Λ/Λ¯ polarization can provide us a lot of useful infor-
mation, such as the quark to Λ/Λ¯ fragmentation func-
tions [35, 36, 38, 41–44, 47] and the quark distribution
functions in nucleon [30, 34, 37, 39, 40], especially in re-
gard to the strange densities [29, 31–33, 45, 46]. For
example, it is suggested that the difference between Λ
and Λ¯ production is related to the asymmetric strange-
antistrange distribution inside the nucleon [31, 32]. There
have been some calculations trying to reveal the differ-
2ent behaviors of Λ and Λ¯ from the asymmetric strange-
antistrange distribution [31, 33, 46]. However, results
from Refs. [31] and [33] are still too small to explain the
experimental data. Reference [46] produces a large dif-
ference between Λ and Λ¯ polarization, with results close
to the existing COMPASS data; while in their calcu-
lation the extreme case for S−(x) = s(x) − s¯(x), i.e.,
S−(x) = s(x) + s¯(x) or S−(x) = −(s(x) + s¯(x)) was
adopted.
In this paper, we present a general analysis of the spin
transfer for the Λ and Λ¯ hyperons both in e+e− annihi-
lation and SIDIS processes. We point out that the small
magnitude of the spin transfer compared to the E665 [48]
and the COMPASS [49] data in previous studies [31, 33]
is due to the equivalent treatment of the fragmentations
of s, u and d quarks by using the Gribov-Lipatov re-
lation [50, 51]. However, the probability of the Λ pro-
duced from the s quark fragmentation process should be
larger than that from the u or d quark [36]. This ef-
fect can be taken into account by relating the model re-
sult of quark fragmentations to the Albino, Kniehl, and
Kramer (AKK) parametrization [52]. To verify the rea-
sonability of our consideration of the strange quark frag-
mentation process, we first calculate the Λ polarization
in e+e− annihilation at the Z-pole, then we extend our
calculation to the SIDIS process at COMPASS, E665,
and HERMES. Although the results we get from a real-
istic consideration of the contributions by different fla-
vor quarks based on the quark-spectator-diquark model
have no quantitative value, the qualitative agreement be-
tween our calculations and the experimental data sug-
gests an amplified contribution from strange quarks, so
that the strange quark-antiquark asymmetry of the nu-
cleon sea can produce an observable difference between
Λ and Λ¯ polarizations observed in experimental data,
as was expected from theoretical considerations [31, 32].
Thus the Λ and Λ¯ production in the SIDIS process is
indeed an ideal place to probe the nucleon strange sea
properties and its quark-antiquark asymmetry. Further
measurements of Λ/Λ¯ polarization with accurate enough
data should provide us more information on the nucleon
strange sea content and give us better control of the form
of the quark to Λ/Λ¯ fragmentation functions.
In the e+e− annihilation process around the bosonic
Z-pole, the qq¯ pair produced from the weak interaction
can be polarized even though the initial e+e− states are
unpolarized. These polarized quark pairs lead to the po-
larized Λ hyperon eventually. Thus the measurement on
the polarization of Λ can be used to test the quark frag-
mentations. The expression of the final Λ polarization in
this process can be given as
PΛ = −
∑
q Aq[∆D
Λ
q (z)−∆D
Λ
q¯ (z)]∑
q Cq[D
Λ
q (z) +D
Λ
q¯ (z)]
, (1)
where ∆DΛ
q(q¯)(z) and D
Λ
q(q¯)(z) are the polarized and un-
polarized fragmentation functions for a quark q splitting
into a Λ hyperon with the longitudinal momentum frac-
tion z, and the parameters Aq, Cq can be referred to in
Ref. [39].
The final Λ hyperon can be produced either from the
direct quark fragmentation process or via the decay of
heavier resonances, such as Σ∗, Σ0, and Ξ, which can
also partially transfer their polarization to the Λ. Tak-
ing both of the possibilities into account, we can rewrite
the polarized fragmentation function ∆DΛq (z) and the
unpolarized fragmentation function DΛq (z) as
∆DΛq (z,Q
2) = a1∆D
Λ(direct)
q (z,Q
2) + a2∆D
Σ0
q (z
′, Q2)αΣ0Λ
+ a3∆D
Σ∗
q (z
′, Q2)αΣ∗Λ + a4∆D
Ξ
q (z
′, Q2)αΞΛ,
DΛq (z,Q
2) = a1D
Λ(direct)
q (z,Q
2) + a2D
Σ0
q (z
′, Q2)
+ a3D
Σ∗
q (z
′, Q2) + a4D
Ξ
q (z
′, Q2). (2)
Here, a’s are weight coefficients representing the ratio
of Λ produced from different channels. In Ref. [53], the
contribution of the indirectly produced Λ was estimated
by a Monte Carlo simulation to be as large as 60%.
This is in accord with the calculation using the LEPTO
generator, which indicates that only about 40%-50% of
Λ are produced directly, 30%-40% are originated from
Σ∗(1385) decaying, and about 20% are decay products
of the Σ0 [54]. We choose a1 = 0.4, a2 = 0.2, a3 =
0.3, a4 = 0.1 in our calculations [33]. To see the de-
pendence of our results on the chosen values of the a’s
parameters, we let a1 have a 10% variable range with the
other a’s parameters being adjusted according to its pro-
portion among a2, a3, and a4; i.e., a1 = 0.4± 0.1, a2 =
0.2 ∓ 0.0333, a3 = 0.3 ∓ 0.05, a4 = 0.1 ∓ 0.0167, and
show the results with bands. The decay parameters
α’s are αΣ0Λ = −0.333, αΣ∗( 3
2
, 3
2
)Λ = 1.0, αΣ∗( 3
2
, 1
2
)Λ =
0.333, αΞ0Λ = −0.406, αΞ−Λ = −0.458, and z
′ = 1.1z,
based on the same consideration with those of Ref. [33].
For the fragmentation functions of hyperons appearing
in Eq. (2), they cannot be calculated using perturbative
QCD directly since fragmentations are nonperturbative
processes. At present, there are still no parametriza-
tions about the fragmentations of Σ∗, Σ0, and Ξ. The
AKK collaboration gives fits of Λ/Λ¯ fragmentation func-
tions, but it does not include the polarized ones [52]. In
this case, phenomenological models are quite useful in
particular in obtaining some guide for experiments. We
know that quark fragmentation functions Dhq (z) and dis-
tribution functions qh(z), which present the probability
of finding the corresponding quark q carrying a momen-
tum fraction z inside the same hadron, can be related by
the phenomenological Gribove-Lipatov relation [50, 51]
Dhq (z) ∼ zqh(z). (3)
Although this relation is known to be valid only at a spe-
cific Q2 near z → 1, it provides us reasonable guidance
for a phenomenological parametrization of the hadron
fragmentation functions. In this work, the valence quark
distribution functions are analyzed in a SU(6) quark-
spectator diquark model, and the sea quark distribu-
tions are obtained from the SU(3) symmetry relations
3between octet baryons by using the CT14 parametriza-
tion (CT14 LO) [55]. Since the valence quark distribu-
tions in the SU(6) quark-spectator diquark model have
been discussed in detail in Ref. [33], we omit the descrip-
tions about this model here. The specific forms of the
quark distributions can be referred to in Ref. [33].
As mentioned above, the probability of the Λ produced
from the s quark fragmentation should be larger than
that from a u or d quark. This is because if the Λ orig-
inates from the primarily u quark, a ss¯ and a dd¯ pair
have to be created in order to provide the constituent
quarks which should be suppressed with respect to the
creation of only uu¯ and dd¯ pairs required if the Λ is pro-
duced from an initial s quark. However, in the previous
study [33], this effect was suppressed, since every fla-
vor quark fragmentation function was normalized to the
same form. The ratio of the probability of Λ produced
from the s quark to that from the u quark is about 0.9 in
Ref. [33], while from the AKK parametrization this ratio
is about 1.4 [52]. To show this effect, we take the follow-
ing equations to relate the model quark fragmentations
to the AKK parametrization:
DΛu (x,Q
2) = DΛd (x,Q
2)
=
(
DΛu (x)
DΛu+u¯(x)
)th
DΛu+u¯(x,Q
2)AKK,
DΛu¯ (x,Q
2) = DΛ
d¯
(x,Q2)
=
(
DΛu¯ (x)
DΛu+u¯(x)
)th
DΛu+u¯(x,Q
2)AKK,
∆DΛu (x,Q
2) = ∆DΛd (x,Q
2)
=
(
∆DΛu (x)
DΛu+u¯(x)
)th
DΛu+u¯(x,Q
2)AKK,
DΛs (x,Q
2) =
(
DΛs (x)
DΛs+s¯(x)
)th
DΛs+s¯(x,Q
2)AKK,
DΛs¯ (x,Q
2) =
(
DΛs¯ (x)
DΛs+s¯(x)
)th
DΛs+s¯(x,Q
2)AKK,
∆DΛs (x,Q
2) =
(
∆DΛs (x)
DΛs+s¯(x)
)th
DΛs+s¯(x,Q
2)AKK. (4)
This approach is similar to the way we adopted the quark
distribution functions in Ref. [33].
The solid line in Fig. 1 shows the results of z depen-
dence of a Λ hyperon in e+e− annihilation process at
the Z pole [56, 57], while the dotted line corresponds
to the previous work without the AKK parametrization
input [47]. To compare with the dotted line, the a’s pa-
rameters should be taken as the same as those of the
previous work [47]. Therefore, we do not show the bands
in this figure due to the 10% variable ranges of the a1 pa-
rameter. It is interesting to notice that, compared to the
dotted line, the solid line with the AKK parametrization
input has a much better description of the experimen-
tal data, especially in the medium z region 0.2 → 0.6.
This suggests that the disagreement between the data
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FIG. 1: The z dependence of Λ polarization in e+e− annihilation
process. The solid curve corresponds to the theoretical calculation
with AKK parametrization input, and the dotted curve is from
the previous work without AKK parametrization input [47].
and the dotted line in the previous study could be par-
tially explained by the larger probability of the s quark
fragmentation.
Now we extend our calculation to the SIDIS process.
For a longitudinal polarized charged lepton beam and an
unpolarized nucleon target, the longitudinal spin transfer
to the Λ hyperon is
AΛ(z) =
∫
dxdy Sx
Q4
∑
q e
2
qfq(x,Q
2)∆DΛq (z,Q
2)∫
dxdy Sx
Q4
∑
q e
2
qfq(x,Q
2)DΛq (z,Q
2)
, (5)
where eq is the electric charge of parton q, x = Q
2/(2P ·
q), y = P ·q/(P ·ℓ), and z = P ·Ph/(P ·q) are three Lorentz
invariant variables, and Q2 = Sxy is the squared four-
momentum transfer of the virtual photon with S =M2p+
m2ℓ+2MpEℓ. For the Λ¯ hyperon, the spin transfer A
Λ¯ can
be obtained from Eq. (5) by replacing q with q¯ and Λ with
Λ¯. After integrating the numerator and denominator on
x and y respectively, we can get the longitudinal spin
transfer of Λ or Λ¯ as a function of z.
At COMPASS, the given measurement cuts are about
x, y, and the Feynman variable xF [49]: 1 GeV
2 < Q2 <
50 GeV2, 0.005 < x < 0.65, 0.2 < y < 0.9, 0.05 <
x
F
< 0.5. To get the spin transfer dependence on xF , we
express z as a function of x, y, and xF with
z =
xF
2
√
4M2x
Sy
+ 1+
(
M2
Sy
+
1
2
)√
4(M2h + P
2
h⊥)
M2 + Sy − Sxy
+ x2F ,
(6)
4where Ph⊥ is the transversal momentum of the final Λ
hyperon. We set the value of Ph⊥ to be 3.0 GeV which
is in a reasonable region compared to the COMPASS
experimental center-of-mass energy, S = 320 GeV2.
In our numerical calculation, the quark distribution
functions of the u and d flavors in Eq. (5) are from the
CTEQ parametrization [55]. For strange quarks, the
CTEQ parametrization of s and s¯ are flavor blind, and
the results are in fact an average of them. To investi-
gate the contribution to the spin transfer difference be-
tween Λ and Λ¯ hyperon from the nucleon asymmetric
strange-antistrange sea distribution, we need an asym-
metric nucleon strange sea input. We consider the nu-
cleon asymmetric strange-antistrange sea distribution ef-
fect in the meson-baryon fluctuation model [6], where the
nucleon wave function at low resolution can be viewed as
a fluctuating system coupling to the intermediate nonin-
teracting baryon-meson Fock states. As is mentioned in
Ref. [33], this way of determining s(x) and s¯(x) does not
take the QCD evolution effect into account. However it
is pointed out in Refs. [58, 59] that the quark-antiquark
symmetry of the nucleon sea would be violated when
the perturbative QCD evolution was calculated at the
next-to-next-to-leading order, where the splitting func-
tions for quarks and antiquarks are different from each
other. To reflect the QCD evolution effect while keep-
ing s(x,Q2) + s¯(x,Q2) the same with that of the CTEQ
parametrization, a reasonable form of the nucleon strange
sea input is given as [33]
sP (x,Q2) =
2sth(x)
sth(x) + s¯th(x)
sctq(x,Q2),
s¯P (x,Q2) =
2s¯th(x)
sth(x) + s¯th(x)
sctq(x,Q2), (7)
where sth and s¯th are the strange and antistrange
quark distributions from the baryon-meson fluctuation
model [6], and sctq(x) is the strange quark distribution
from the CTEQ parametrization [55].
Figures 2 and 3 show the results of x and xF depen-
dences of Λ and Λ¯ longitudinal spin transfers, together
with the COMPASS data. The solid and dashed lines
correspond to the Λ and Λ¯ longitudinal spin transfers,
respectively. The bands are from 10% variable ranges
of a1 parameter. In order to focus on the contribution
of the nucleon asymmetric strange-antistrange sea distri-
bution, we first calculate the longitudinal spin transfers
on the symmetric strange sea input and show the results
in the left panels of Figs. 2 and 3. In the right pan-
els of Figs. 2 and 3, the asymmetric strange-antistrange
sea distribution is considered. As we can see, the differ-
ence between Λ and Λ¯ gets enlarged under an asymmet-
ric strange-antistrange sea input so that the agreement
between our calculation and the data is improved sig-
nificantly. Since there are limited data sensitive to the
strange sea content, the qualitative agreement between
our calculation and the data can be seen as support of
the existence of the nucleon strange-antistrange sea dis-
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FIG. 2: The x dependence of Λ and Λ¯ longitudinal spin transfers
with and without the asymmetric strange-antistrange sea
distribution input at COMPASS. The solid and dashed curves
correspond to Λ and Λ¯ hyperons. The bands are from 10%
variable ranges of a1 parameter.
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FIG. 3: The xF dependence of Λ and Λ¯ longitudinal spin
transfers with and without the asymmetric strange-antistrange
sea distribution input at COMPASS. The solid and dashed curves
correspond to Λ and Λ¯ hyperons. The bands are from 10%
variable ranges of a1 parameter.
tribution. What is more, bands in these two figures tell
us that, although the a’s values adjusted according to the
Monte Carlo predictions [54] are somewhat arbitrary, the
small difference of these weight coefficients does not af-
fect our qualitative prediction and conclusion by the fact
that only the shapes of the Λ and Λ¯ longitudinal spin
transfers are changed. In fact, we even calculate the Λ
and Λ¯ polarization (not presented in this work) in the
case that there are no intermediate, heavier hyperon de-
cay processes, i.e., a1 = 1.0, a2 = 0, a3 = 0, a4 = 0, and
find that the difference between the quark to Λ and the
Λ¯ longitudinal spin transfers predicted by our model still
remains.
Next we calculate the xF dependence of Λ and Λ¯ lon-
gitudinal spin transfers in the E665 experiment. The
similar phenomenon with the COMPASS xF dependent
spin transfer appears in our calculations, and is displayed
in Fig. 4. The value of Ph⊥ is set to be 4.0 GeV, which
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FIG. 4: The xF dependence of Λ and Λ¯ longitudinal spin
transfers with and without the asymmetric strange-antistrange
sea distribution input at E665. The solid and dashed curves
correspond to Λ and Λ¯ hyperons. The bands are from 10%
variable ranges of a1 parameter.
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FIG. 5: The x dependence of Λ and Λ¯ longitudinal spin transfers
with and without the asymmetric strange-antistrange sea
distribution input at HERMES. The solid and dashed curves
correspond to Λ and Λ¯ hyperons. The bands are from 10%
variable ranges of a1 parameter.
is also in a reasonable region compared to the E665 ex-
perimental center-of-mass energy S = 940 GeV2.
The x and xF dependences of a Λ longitudinal spin
transfer have also been measured by the HERMES
Collaboration within the kinematical domains [53, 60]:
0.8GeV2 < Q2 < 24GeV2, W 2 > 4GeV2, 0.05 < y < 0.9.
We now perform our calculation under the HERMES ex-
perimental conditions. Using Eq. (6), we can evaluate the
region of Ph⊥ value from the measured x, y, z, and xF
bins at HERMES, and the result is about 0.3→ 0.9 GeV.
In our calculation, we choose Ph⊥ = 0.85 GeV.
We show the x and xF dependence of Λ and Λ¯ longi-
tudinal spin transfers under the HERMES experimental
cuts in Figs. 5 and 6. Specially, Figs. 5(a) and 6(a) give
the results from the integration without considering the
asymmetric nucleon strange sea distribution input, while
Figs. 5(b) and 6(b) show the results with this effect taken
into account. As expected [31, 32], the asymmetric nu-
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FIG. 6: The xF dependence of Λ and Λ¯ longitudinal spin
transfers with and without the asymmetric strange-antistrange
sea distribution input at HERMES. The solid and dashed curves
correspond to Λ and Λ¯ hyperons. The bands are from 10%
variable ranges of a1 parameter.
cleon strange sea input produces a larger spin transfer
difference between Λ and Λ¯ hyperons. Since there are
only Λ polarization data at HERMES, we also suggest
an analysis on the Λ¯ polarization to give a more precise
examination of the nucleon strange-antistrange sea dis-
tribution.
In conclusion, we investigated the Λ and Λ¯ polariza-
tions in the e+e− annihilation process and in lepton-
nucleon SIDIS process. The larger probability of a Λ/Λ¯
hyperon produced from s/s¯ quark fragmentation com-
pared to u/u¯ or d/d¯ flavor was considered. We particu-
larly discuss the importance of the asymmetric nucleon
strange-antistrange sea distribution in reproducing the
longitudinal spin transfer difference between Λ and Λ¯ hy-
perons. We present the results obtained at COMPASS,
E665, and HERMES with and without the asymmet-
ric nucleon strange sea distribution input. Compared to
Refs. [31, 33, 46], the asymmetric strange-antistrange sea
distribution input and the s/s¯ quark fragmentation pro-
cess are treated more reasonably in this work. Our results
show that the asymmetric nucleon strange sea distribu-
tion input gives a better description of the experimental
data. This qualitative agreement between the data and
our calculation can be viewed as support of the existence
of the intrinsic strange sea and the strange-antistrange
asymmetry. Since it is difficult to measure the strange
content of the nucleon sea, the analysis on the polariza-
tion of Λ/Λ¯ does open a new window to probe the nucleon
sea properties. We suggest future experiments to analyze
the polarization of Λ/Λ¯ for providing more information
on the nucleon strange sea content.
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